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Physical Vapor Deposition Target Constructions, And Methods Of Treating 
Physical Vapor Deposition Targets 

TECHNICAL FIELD 

5 The invention pertains to physical vapor deposition target constructions and to 

methods of treating physical vapor deposition targets. 

BACKGROUND OF THE INVENTION 

Physical vapor deposition methods (which include, for example, sputtering 
1 0 methods) have wide application in fabrication processes when thin films are desired. For 
instance, sputtering processes are frequently utilized in semiconductor processing 
jf applications for forming thin films across a semiconductor substrate. 

= i An exemplary sputtering process is described with reference to Fig. 1 . 

M> Specifically, an apparatus 1 0 is shown comprising a physical vapor deposition target 12 

U1 ' 15 above a semiconductor substrate 14. To aid in interpretation of the claims that follow, 
5 * the terms "semiconductive substrate" and "semiconductor substrate" are defined to mean 

-"i any construction comprising semiconductive material, including, but not limited to, bulk 

semiconductive materials such as a semiconductive wafer (either alone or in assemblies 
comprising other materials thereon), and semiconductive material layers (either alone or 
20 in assemblies comprising other materials). The term "substrate" refers to any supporting 
structure, including, but not limited to, the semiconductive substrates described above. 

Target 12 has a sputtering surface 15. In operation, ions or atoms (not shown) are 
impacted against a sputtering surface 15 and utilized to eject material from the sputtering 
surface toward substrate 14. The ejected material is illustrated by downwardly-directed 
25 arrows. The arrows are a standard way of showing ejected material relative to a physical 
vapor deposition target. An alternative description of the ejected material is to show the 
material as a cloud 16, since the ejected material generally has an appearance of a mist. 
The ejected material tends to migrate in three dimensions, rather than simply toward 
substrate 14, and accordingly, some of the ejected material returns to target 12. 
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The illustrated apparatus shows target 12 bonded to a backing plate 18. Further, 
target 12 is shown to comprise a sidewall surface 20 which joins to a periphery of 
sputtering surface 15. Also, backing plate 18 is shown to comprise a sidewall surface 22 
which is coextensive with sidewall surface 20 of target 12. Cloud 16 overlaps surfaces 

5 20 and 22, and accordingly some of the ejected material from sputtering surface 1 5 is 
redeposited on sidewall surfaces 20 and 22. 

The redeposited material can be problematic in semiconductor device fabrication. 
In an exemplary process, target 12 comprises titanium, and is sputtered in a nitrogen- 
containing gas to sputter-deposit a layer of titanium nitride over substrate 14. Fig. 2 

10 illustrates an expanded view of substrate 14 after deposition of titanium nitride over a 
surface of substrate 14. Specifically, Fig. 2 shows that target 14 has an opening 30 
extending therein, and that a deposited titanium nitride film 32 extends over substrate 14 
and within opening 30. Opening 30 can ultimately be utilized for fabrication of a 
semiconductor device. Opening 30 has a width, and a continuing goal of semiconductor 

1 5 device processing is to decrease a width of semiconductor components to enable higher 
densities of components to be formed over the same footprint of a semiconductor 
substrate. Accordingly, a continuing goal of semiconductor device fabrication is to 
enable uniform deposition of thin films within openings having ever-narrower widths. A 
problem encountered as the width of opening 30 decreases is that small particle 

20 contaminants that are non-problematic relative to large openings, become problematic 
relative to small openings. An exemplary contaminant is a flake 34 shown in Fig. 2, and 
shown partially occluding opening 30. Flake 34 can be formed from material which has 
redeposited on sidewall surface 20 of target 12, and subsequently fallen from target 12 
onto a surface of substrate 14. Flake 34 can render it difficult, or even impossible, to 

25 form a desired device associated with opening 30. Accordingly, it would be desirable to 
alleviate or prevent flakes of redeposited material from falling from a target surface onto 
a semiconductor substrate during sputtering operations. 



2 



HOOQ1499 



r 



SUMMARY OF THE INVENTION 

In one aspect, the invention encompasses a method of treating a physical vapor 
deposition target. The target has a sputtering surface and a sidewall edge at a periphery 
of the sputtering surface. The method comprises pressing a tool against the sidewall 
edge to form a distribution of imprints in the sidewall edge of the target. The tool is then 
removed from the sidewall edge, leaving the imprints extending into the sidewall edge. 

In another aspect, the invention encompasses a physical vapor deposition target. 
The target includes a sputtering surface having an outer periphery, and a sidewall edge 
along the outer periphery of the sputtering surface. The sidewall edge has a repeating 
pattern of imprints extending therein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the invention are described below with reference to the 
following accompanying drawings. 

Fig. 1 is a diagrammatic, cross-sectional view of a portion of a prior art physical 
vapor deposition apparatus. 

Fig. 2 is a fragmentary, cross-sectional, diagrammatic view of a semiconductor 
wafer processed according to a prior art sputtering method. 

Fig. 3 is a diagrammatic, cross-sectional view of a physical vapor deposition 
target/backing plate structure. 

Fig. 4 is a view of the structure of Fig. 3 shown at a processing step subsequent to 
that of Fig. 3. 

Fig. 5 is a topview of the Fig. 4 structure, with a line 4-4 illustrating the cross- 
sectional cut corresponding to Fig. 4. 

Fig. 6 is a diagrammatic sideview of the structure of Fig. 5, shown at a 
preliminary processing step for forming imprints in accordance with the method of the 
present invention. 

Fig. 7 is a view of the Fig. 6 structure shown at a processing step subsequent to 
that of Fig. 6. 
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Fig. 8 is a diagrammatic sideview of the structure of Fig. 5 shown at a 
preliminary step of a second embodiment method of the present invention. 

Fig. 9 is a sideview of a monolithic physical vapor deposition target showing a 
third embodiment method of the present invention. 

Fig. 1 0 is a photograph of an imprint pattern which can be utilized in 
methodology of the present invention. 

Fig. 1 1 is a photograph of another imprint pattern which can be utilized in 
methodology of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The invention encompasses methodology which can be utilized to alleviate or 
prevent the problem described in the "Background" section of this disclosure of flakes 
falling from a sidewall surface of a physical vapor deposition target onto a surface of a 
substrate below the target. A first embodiment method of the present invention is 
described with reference to Figs. 3-7. 

Referring initially to Fig. 3, a physical vapor deposition target structure 100 is 
illustrated. Structure 100 comprises a physical vapor deposition target 102 joined to a 
backing plate 104. Target 102 can comprise either ceramic or metallic materials, and in 
a particular embodiment can comprise titanium. For instance, target 102 can consist of 
high-purity titanium, with high purity indicating a purity of at least 99.995%. 

Backing plate 104 can comprise an electrically conductive material, such as, for 
example, copper, and can be joined to target 102 utilizing conventional methods, such as, 
for example, a solder bond. 

Target 102 comprises a sputtering surface 103. Sputtering surface 103 has an 
outer periphery, and target 102 comprises sidewall edges 105 along the periphery of 
sputtering surface 103. More specifically, sidewall edges 105 join sputtering surface 103 
at corners 107. 

Backing plate 104 comprises a sidewall edge 109 which is coextensive with 
sidewall edge 105, and further comprises a flange 1 15 at a base of sidewall edge 109. 
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The particular shown shape of backing plate 104 and target 102 corresponds 
approximately to a particular commercial embodiment of a backing plate\target structure. 
It is to be understood that the illustrated structure is an exemplary structure, and that 
processing of the present invention can be utilized with other target\backing plate 
5 structures. 

Referring to Fig. 4, structure 100 is shown after corners 107 (Fig. 3) are faceted, 
and accordingly replaced by facets 111. Specifically, the sharp corners 107 of Fig. 3 are 
filed, ground, or otherwise subjected to processing which removes some of the material 
102 to form an angled region 110 (which can alternatively be referred to as a facet region 
10 110) extending between sidewall surfaces 1 05 and sputtering surface 1 03 . The 
H* replacement of sharp corners 1 07 of the Fig. 3 structure with the facets 1 1 1 can be 

O referred to as a beveling operation. For purposes of interpreting this disclosure and the 

(I claims that follow, the term "bevel" can refer to any operation in which a corner starting 

|ll at a first angle is replaced with a facet, and thus replaced by two corners having a larger 

^ 15 angle than the first angle. Facets 1 1 1 can comprise, for example, a bevel of from about 
0.06 inches to about 0.10 inches. 

Fig. 5 is a topview of the Fig. 4 structure, and illustrates that the structure 100 can 
have a circular top surface. Accordingly, an outer periphery of sputtering surface 103 
can be circular. The structure shown in Fig. 5 is an exemplary structure, and it is to be 
20 understood that the invention can be utilized with target constructions having other 

shapes, and particularly can be utilized with target structures having non-circular surface 
shapes. 

Referring to Fig. 6, the structure 100 of Fig. 5 is shown in sideview. Also shown 
is a tool 120 mounted to a spindle 122. Tool 120 comprises a surface 124 having 
25 projections 126 formed thereon. Tool 120 and spindle 122 are preferably configured 
such that surface 124 is pressed against surface 105 of target 102 and rotated so that 
projections 126 form imprints within surface 105. An axis 130 is illustrated to show 
rotation of tool 120, and another axis 132 is illustrated to show movement of tool 120 
across surface 105. Tool 120 can be referred to as a knurling tool, and the operation 
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accomplished by tool 120 can be referred to as knurling. In practice, spindle 122 can be 
connected to a motor and support structure (not shown) which rotates spindle 122 and 
presses spindle 122 and the attached tool 120 toward sidewall 105. It is noted that 
although the invention is described with reference to rotation and movement of tool 120, 
it is to be understood that target structure 100 can be moved instead of, or in addition to, 
tool 120 during formation of imprints within surface 105. For instance, target structure 
100 can be placed in a manual lathe and rotated at a speed of from about 20 rpm to about 
60 rpm relative to tool 120. Regardless of whether tool 120 is moved, target structure 
100 is moved, or tool 120 and target 100 are moved at the same time, target structure 100 
is displaced relative to tool 120. 

Referring to Fig. 7, structure 100 is illustrated after tool 120 has been passed 
across surface 105. The projections 126 have left imprints 140 extending into surface 
105 of target 102. Imprints 140 can comprise, for example, a fine, medium or coarse 
approximately diamond or serrated shape, and can be formed to create knurled surface 
defined by from about 20 points per inch (ppi) to about 100 ppi, and more typically 
defined by from about 40 ppi to about 80 ppi. The imprints form a repeating pattern 142 
corresponding to the pattern of the imprints on tool 120. The drawing of Fig. 7 has been 
simplified in showing the pattern 142 corresponding exactly to a complement of the 
pattern visible on tool 120. In practice, tool 120 would typically have a circular surface 
124, and accordingly the pattern visible in Figs. 5 and 6 is only a portion of the pattern 
on tool 120. The repeating pattern formed by tool 120 could therefore comprise more 
than the pattern visible in the sideviews of Figs. 6 and 7. Regardless, the concept 
illustrated in Figs. 6 and 7 is accurate in that tool 120 forms a repeating pattern of 
imprints 140 extending into surface 105 of target 102. The imprints 140 of Fig. 7 are 
preferably formed entirely around surface 105, and accordingly would surround 
sputtering surface 103 for a circular target such as that shown in Fig. 5. 

In the shown embodiment, imprints 140 are formed only along sidewall surface 
105, and not along surface 109 of backing plate 104, or along facet region 1 10 of facet 
111. The shown embodiment is a preferred embodiment, and it is to be understood that 
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the invention can encompass other embodiments wherein imprints are formed along one 
or both of surface 109 and surface 110 (see, for example, Fig. 8). However, the 
formation of imprints into surface 109 can complicate recycling of a backing plate. 
Specifically, it is common during use of targets for a target to wear out and be removed 
5 from a backing plate, and subsequently replaced by another target. If the imprints are 
formed within backing plate 109, such would typically have to be removed or cleaned of 
redeposited material formed on surface 109 during a sputtering operation, which would 
complicate recycling of backing plate 104. Accordingly, it can be desirable to leave 
surface 109 smooth. 



1 0 Imprints 1 40 can alleviate or prevent the problems described in the "Background" 

section of this disclosure. Specifically, imprints 140 can retain redeposited material 

O 

formed on sidewall 105 during a sputtering operation, and can accordingly alleviate or 

, 

N= prevent flakes of the redeposited material from falling off surface 105 and onto a 

HI substrate during a sputtering operation. 

s ~~ 1 5 Any pattern of imprints can be utilized in methodology of the present invention. 



Two exemplary patterns are shown in Figs. 10 and 11. 

Facets 1 1 1 are provided to avoid having sharp edges formed at an outer region of 
sputtering surface 103. Specifically, if a knurling operation is performed on the structure 
of Fig. 3 (i.e., a structure which does not have faceted corners formed thereon), 

20 sharpened edges can occur at corners 107 where sidewalls 105 join sputtering surface 
103. Such sharpened corners can occur as material of physical vapor deposition target 
102 is pushed outwardly by projections 126 of tool 120 being pressed into the material of 
target 102. An edge will thus be formed at corner 107 which can have rolls, crimps, or 
other non-uniformities extending therefrom. Such non-uniformities can complicate 

25 utilization of target 102 in a sputtering process. The formation of facets 1 1 1 allows an 
outer edge of target 103 to remain uniform even after imprints are formed into sidewall 
surface 105. 

Although the invention is shown and described with reference to forming facet 
1 1 1 prior to forming imprints 140 into surface 105, it is to be understood that facet 111 

7 
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can also be formed after forming the imprints. Specifically, the problems discussed 
above relative to formation of a non-uniform edge can be alleviated by removing the 
edge. Accordingly, the edge can be filed, or otherwise beveled or faceted after formation 
of imprint regions 140. However, it is found that it can be easier to form a uniform edge 
5 surrounding sputtering surface 136 if the faceting occurs prior to imprinting, rather than 
after imprinting. The non-uniform edge formed by imprinting can complicate a faceting 
operation, and accordingly it is generally more convenient to perform the faceting prior 
to forming imprints in side wall surface 105. 

Also, although the invention is shown and described with reference to a structure 

1 0 wherein a target is joined to a backing plate prior to forming imprints in the target, it is to 
be understood that the imprints can alternatively be formed in the sidewall of the target 
prior to joining the target to a backing plate. However, difficulties can arise if the 
imprints are formed prior to joining a target to a backing plate. Specifically, a target is 
frequently joined to a backing plate using solder, and occasionally some of the solder 

1 5 will be ejected from between the target and backing plate during the joining operation. If 
the imprints are formed in the target prior to the joining of the target to a backing plate, 
the ejected solder can deposit in the imprints and be difficult to remove. Also, backing 
plate 104 can provide a convenient handle for manipulating target 102 during a knurling 
operation, which can further provide an advantage for mounting target 102 to a backing 

20 plate prior to forming imprints within a sidewall surface of the target. 

After imprints 140 are formed within sidewall surface 105, tool 120 is removed, 
and target 1 05 can be utilized in a sputtering operation. 

During the forming of imprints in the operation described with reference to 
Figs. 6 and 7, tool 120 can be placed directly against target 105. However, it is found 

25 that it can be preferable to provide a lubricating liquid (such as, for example, an oil), 
between tool 120 and target 105. Such can alleviate scraping of material from tool 120 
onto target 105, and can also alleviate scraping of material from target 105 onto tool 120. 
Preferably, tool 120 is formed of a material which is harder than the material of 
target 105. 
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Another embodiment of the invention is described with reference to Fig. 8, which 
shows a sideview of the structure 100 of Figs. 4 and 5 treated with a tool 160 configured 
to extend across both surface 109 of backing plate 104 and surface 105 of target 102. 
Tool 160 is shown attached to a spindle 162 configured to enable rotation of tool 160 
5 about axis 130 as the tool passes along axis 132 and across surfaces 105 and 109. The 
embodiment of Fig. 8 will form imprints in backing plate surface 109, as well as forming 
imprints in target surface 105, and can form the imprints in surface 109 while forming 
the imprints in surface 105. 

Another embodiment of the invention is described with reference to Fig. 9, which 
10 shows a sideview of a monolithic target 200. As is known to persons of ordinary skill in 
the art, a monolithic target is a target which is constructed to be utilized without a 
backing plate. Accordingly, target 200 comprises a shape of the target/backing plate 
i A structure shown in Figs. 6 and 7. Target 200 comprises a sputtering surface 203, a 

IH sidewall surface 205 extending around a periphery of sputtering surface 203, a faceted 

M 

~ 15 edge 210 extending between surface 205 and 203, and a flange 215. A tool 220 is shown 

O 

rotated about an axis 230 and pressed against surface 205. Tool 220 comprises 

M» 

■ % f\ projections 226 which will form imprints within surface 205 analogous to the imprints 

Fi 

140 described with reference to Figs. 6 and 7. Tool 220 is mounted to a spindle 222 
configured to rotate the tool and press the tool against surface 205. Further, tool 220 is 

20 configured to be displaced relative to surface 205 along a direction indicated by axis 230 
so that imprints are formed entirely around sputtering surface 203. A difference between 
the configuration of Fig. 9 and that of Figs. 6 and 7 is that tool 220 is configured to 
extend entirely along a sidewall 205 between flange 215 and faceted edge 210. 

The target formed in accordance with the methodology of Fig. 9 will have an 

25 entirety of a sidewall surface having imprints therein, and accordingly can alleviate or 
prevent dropping of flakes from the sidewall surface during a sputter deposition process. 

It is noted that the methodology described herein is exemplary methodology for 
forming physical vapor deposition targets encompassed by the present invention, and 
that other methods can be utilized. For instance, targets can be molded into shapes 
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having the imprint patterns provided therein, and accordingly the patterns can be formed 
without utilization of a knurling tool. 
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